The effects of psychiatrist staffing are unclear. The aim of this study was to assess the association of high psychiatrist staffing with prolonged hospitalization, follow-up visits, and readmission in acute psychiatric units. Methods: A retrospective cohort study was conducted using the National Database of Health Insurance Claim Information and Specified Medical Checkups. Patients newly admitted to acute psychiatric units between October 2014 and September 2015 were followed up until September 2016. The primary exposure was a patient-to-psychiatrist ratio of 16:1 (high-staffing units) vs 48:1 (low-staffing units). Outcomes were prolonged hospitalization of 90 days, number of follow-up psychiatric visits within 90 days after discharge, and psychiatric readmission within 90 days after discharge. Incidence rate ratios (IRRs) and their 95% confidence intervals (CIs) were estimated by using generalized estimating equations, adjusting for potential covariates. Results: Among the 24,678 newly admitted patients at 190 hospitals, 13,138 patients (53.2%) were admitted to high-staffing units in 92 hospitals. After adjustment, high-staffing units were associated with a lower risk of prolonged hospitalization (incidence rate, 16.9 vs 21.3%; IRR, 0.79 [95% CI, 0.70, 0.89]), higher number of follow-up visits (incidence rate of 7 visits, 16.9 vs 13.4%; IRR, 1.06 [95% CI, 1.01, 1.12]), and lower risk of readmission (incidence rate, 13.0 vs 14.4%; IRR, 0.90 [95% CI, 0.82, 0.99]). Conclusion: High-staffing units are associated with a reduced risk of prolonged hospitalization and readmission and an increased number of follow-up visits. Further research is needed to improve the generalizability of these findings and establish the optimal level of staffing.
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To the best of our knowledge, there are only two studies on this issue in the field of psychiatric inpatient care. 6, 7 A cross-sectional study of 673 patients in 25 hospitals across 11 countries found that lower patient-to-psychiatrist ratio (high staffing) was associated with higher treatment satisfaction (percentage of patients with low satisfaction: 18% in high-staffing hospitals and 40% in low-staffing hospitals). 6 Additionally, a cohort study of 35,884 patients in 53 hospitals in South Korea revealed that lower inpatient volume per psychiatrist (high staffing) -the total length of stay for mental disorders divided by the number of psychiatrists in a hospital -was associated with a lower 30-day readmission rate (odds for readmission in high-staffing vs low-staffing hospitals: 0.38). 7 To confirm these findings, further studies should investigate the effect of psychiatrist staffing on outcomes in psychiatric inpatient care.
In Japan's acute psychiatric care units, the patient-topsychiatrist ratio is standardized into two types by the health insurance system. The units with high staffing are required to allocate at least one psychiatrist per 16 patients, while the units with low staffing are only required to allocate at least one psychiatrist per 48 patients. 8 In this study, we aimed to assess the association of high psychiatrist staffing with prolonged hospitalization, follow-up visits, and readmission in acute psychiatric units.
Methods Design
A retrospective cohort study was conducted using the National Database of Health Insurance Claim Information and Specified Medical Checkups (NDB). A detailed description on the NDB has been provided elsewhere. 9 Briefly, the Ministry of Health, Labour and Welfare in Japan has recorded almost all claims since April 2009. 10 The NDB includes information on the hospital, patient, and procedural characteristics such as hospital codes, patient identification number, sex, age group, medical practice codes, administration date of medical practice, and diagnostic codes. The NDB has been used in several studies. [11] [12] [13] [14] setting In Japan, there are three per diem payment plans for acute psychiatric inpatient care: 1) psychiatric emergency units, 2) psychiatric emergency and physical complication units, and 3) psychiatric acute care units. Psychiatric emergency units provide emergency and acute psychiatric care mainly in nongeneral hospitals and have one of the highest certification criteria for staffing including that at least one full-time physician per 16 patients, at least one nurse per 10 patients per day, and at least two full-time psychiatric social workers should be allocated to the unit. Psychiatric emergency and physical complication units provide emergency and acute psychiatric care for individuals with physical complications in general hospitals that provide tertiary emergency medical service. Psychiatric acute care units provide acute psychiatric care mainly in nongeneral hospitals and have lower certification criteria for staffing than psychiatric emergency units.
In this study, we focused on "psychiatric acute care unit I", because the patient-to-psychiatrist ratio is standardized into two types in the units reimbursed by this plan. These units include 15,000 beds in 300 hospitals, accounting for 5% of all types of psychiatric beds. 15 The major certification criteria for these units include that 1) the hospital should participate in the emergency psychiatric medical system coordinated by local governments; 2) at least one full-time certified psychiatrist should be allocated to the unit; 3) at least one nurse per 13 patients per day should be allocated to the unit; 4) at least one isolation room should be equipped in the unit; and 5) at least 40% of patients admitted to the unit should be discharged to the community within 3 months after admission. 16 Here, discharge to the community is defined as patients discharged to home or institutions and not readmitted to psychiatric units at least 3 months after discharge. The hospital fee for the unit is 19,840 yen per patient per day during 1-30 days after admission. 17 Although the standard psychiatrist staffing was defined by the health insurance system as at least one psychiatrist per 48 patients in nongeneral hospitals, 8 units with high staffing (ie, at least one psychiatrist per 16 patients) can be reimbursed with an additional fee of 5,000 yen per patient per day in acute psychiatric units. 17 The certification criteria for the additional reimbursement include that 1) at least one full-time psychiatrist per 16 patients should be allocated to the unit and 2) 60% of patients admitted to the unit should be discharged to the community within 3 months after admission.
Patient selection
We identified nongeneral hospitals with acute psychiatric units reimbursed through the payment plan psychiatric acute care unit I between October 2014 and September 2015. We excluded general hospitals that had 100 beds within the following five specialties: internal medicine, surgery, obstetrics and gynecology, otolaryngology, and ophthalmology. This 
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High psychiatrist staffing in acute psychiatric units is because they are required to keep a patient-to-psychiatrist ratio of 16:1 irrespective of the additional reimbursement. 8 To avoid contamination, we focused only on hospitals with or without claims of additional reimbursement for all patients admitted to acute psychiatric units throughout the study period. Namely, we excluded hospitals certified as having additional reimbursement in the middle of the study period. We identified all new admissions to acute psychiatric units between October 2014 and September 2015. A single episode of psychiatric admission was defined as the period from the date of admission to an acute psychiatric unit from a community setting (ie, home or institution) or general ward to the date of hospital discharge to community settings. To increase traceability, we used the new algorithm for patient identification (ID0). 18 Initial admissions to an acute psychiatric unit during the study period were included in the present study. Planned admissions for electroconvulsive therapy with a hospital stay of 3 days were excluded. To focus on patients at risk of readmission, patients discharged to a general ward or deceased were excluded. To ensure a follow-up period of at least 180 days after discharge, patients who continued to be hospitalized after April 1, 2016, were excluded. To control the history of psychiatric admissions as much as possible, patients who were admitted to any psychiatric unit within 180 days before the index admission were excluded and patients who had at least one claim in the database prior to the 180-day period from the index admission were included. All patients were followed up until September 30, 2016.
Outcomes
The outcomes of interest in this study were as follows: 1) prolonged hospitalization 90 days, 2) number of follow-up psychiatric visits within 90 days after discharge, and 3) psychiatric readmission within 90 days after discharge. Planned readmissions for electroconvulsive therapy were excluded from the definition of psychiatric readmission.
exposure
The exposure of interest was a patient-to-psychiatrist ratio of 16:1 (high-staffing units) vs 48:1 (low-staffing units). We obtained this information from claims for additional reimbursement.
covariates
As potential covariates, we extracted information on hospital characteristics (hospital code and number of new psychiatric admissions), patient demographic characteristics (sex and age), preindex admission characteristics (Charlson index, history of psychiatric visits, and history of intensive care unit [ICU] admissions), and index admission characteristics (type of admission and principal diagnosis). These covariates were selected on the basis of evidence from previous studies and clinical experience. [19] [20] [21] [22] The number of new psychiatric admissions during the study period was calculated for each hospital based on all types of psychiatric units rather than just acute psychiatric units. Subsequently, hospitals were categorized into four classes based on the number of new psychiatric admissions (the first quartile [lowest volume] to the fourth quartile [highest volume]). The Sundararajan version of the Charlson comorbidity index score (0, 1, 2, and 3) was calculated using claims within 90 days prior to index admissions. 23 History of psychiatric visits and ICU admissions within 90 days prior to the index admission was also identified. Type of admission was categorized into voluntary and involuntary admissions. A principal diagnosis (schizophrenia, bipolar affective disorders, unipolar depressive disorders, dementia, or others) was selected based on the algorithm defined by the Ministry of Health, Labour and Welfare. 24 
statistical analyses
First, we assessed the covariate balance between high-and low-staffing units using a standardized difference, in which an absolute value of 10% indicates an important imbalance in the prevalence of a covariate between the groups. 25 Second, we used generalized estimating equations with a Poisson distribution and a log-link function to account for the correlated data structure (patients clustered within hospitals) and compared the incidence rates of each outcome between high-and low-staffing units. 26 All potential covariates were simultaneously entered into the models. Incidence rate ratios (IRRs) and their 95% confidence intervals (CIs) were derived from the models. Additionally, we conducted a sensitivity analysis to assess the potential effect of the NDB traceability issue. The NDB cannot identify whether patients continued to be enrolled in the database; therefore, we focused on patients who had at least one claim after 90 days from the discharge date in the sensitivity analysis. We conducted a subgroup analysis to examine whether the association between patientto-psychiatrist ratio and outcomes varied across the levels of all covariates. We assessed the statistical significance of interaction terms with a significance level of 0.05. Statistical analyses were performed using R Version 3.4.1 (R Foundation for Statistical Computing, Vienna, Austria) with the geepack package. 
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Okumura et al ethics approval and informed consent Our study protocol was approved by the Institutional Review Board at the Institute of Health Economics and Policy (no H28-002). Consent to participate was not applicable because our study was based on data from an anonymous database.
Results
study population
There were 345 hospitals that reimbursed claims through the payment plan psychiatric acute care unit I between October 2014 and September 2015. For main analyses, a total of 24,678 patients at 190 hospitals met the eligibility criteria (Figure 1) , of whom 13,138 (53.2%) patients were admitted to high-staffing units at 92 hospitals. A comparison of sample characteristics between high-and low-staffing units showed major imbalances in hospital volume (Table 1) . For sensitivity analysis, a total of 23,198 patients met the additional eligibility criterion (Figure 1 ). 
Main analyses
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High psychiatrist staffing in acute psychiatric units Subgroup analyses suggested that the association between psychiatrist staffing and prolonged hospital stay differed by the history of admission to ICU (P for interaction =0.023) (Figure 2 ). The associations between psychiatrist staffing and psychiatric follow-up visits were consistent across the subgroups (Figure 3) . The association between psychiatrist staffing and psychiatric readmission differed by age (P for interaction =0.001), history of psychiatric visits (P for interaction =0.019), and hospital volume (P for interaction =0.038) (Figure 4) .
Discussion
To the best of our knowledge, this is the second largest study to assess the association of high psychiatrist staffing with outcomes in acute psychiatric units. The findings of this study support the effectiveness of high-staffing units in decreasing prolonged hospitalization, increasing follow-up psychiatric visits, and reducing psychiatric readmissions. Our findings are consistent with that of a previous study that found lower readmission rates among high-staffing hospitals compared to low-staffing hospitals. 7 Our results extend previous work by showing the effectiveness of psychiatrist staffing to not only reduce readmission and prolonged hospitalization rates but also increase follow-up psychiatric visits.
A potential mechanism for these effects is that psychiatrists in high-staffing units are more likely to devote more time to their patients, which may lead to perform more comprehensive psychiatric assessments, select more effective treatments, and increase patient's satisfaction during admissions. 6 Patients' positive views on psychiatric treatments during admissions might contribute to increased follow-up psychiatric visits. In turn, continuous outpatient treatment would contribute a reduction in the risk of readmission. 28 The associations between psychiatrist staffing and outcomes were generally consistent across several subgroups. We observed that admission to the ICU was a potential effect modifier between psychiatrist staffing and prolonged hospitalization. In addition, the possible effect modifiers between psychiatrist staffing and readmission included age, history of psychiatric visits, and hospital volume. Given the number of comparisons in the subgroup analyses, these findings may be due to chance. Further studies are needed to confirm these explanatory findings regarding effect modifiers.
Our findings have important implications for policymakers, as high psychiatrist staffing has a substantial impact on the risk of prolonged hospitalization and readmissions. This suggests that a financial incentive for high staffing might be a potential solution to not only increase the quality of care but also reduce the length of psychiatric hospitalization in the population. However, it remains unclear whether the associations between high staffing and outcomes vary by unit type (eg, nonacute care unit), graduation of patient-topsychiatrist ratio, and type of health professional (eg, nurse and psychiatric social worker). Therefore, more studies are needed to improve the generalizability of our findings and establish the optimal level of staffing.
Our study has several limitations. First, we could not identify the exact patient-to-psychiatrist ratio for each hospital. Namely, a low-staffing unit has the possibility of allocating more psychiatrists than the standard 48:1. Second, we could not measure the important potential covariates such as history of psychiatric hospitalizations and history of suicide attempts, 21 although we focused on patients without psychiatric admissions at least 180 days before index admissions. Third, our follow-up period was limited to a short-term interval (ie, 90 days after discharge). Long-term follow-up studies are needed to compare the cost-effectiveness of high psychiatrist staffing. Fourth, our findings were not free from selection bias. Namely, highstaffing units could select patients who are more likely to be discharged to the community within a short-term period in order to comply with the requirements for the additional reimbursement, although this would be rare in acute care settings. To confirm our findings, future research should assess clinical characteristics and compare them between high-and low-staffing units. 
Conclusion
High-staffing units are associated with a reduced risk of prolonged hospitalization, an increased number of follow-up visits, and a reduced risk of readmission. These findings suggest that a financial incentive for high staffing might be a potential solution to reduce the length of psychiatric hospitalization in the population. Further research is needed to improve the generalizability of our findings and establish the optimal level of staffing.
Data availability
The Ministry of Health, Labour and Welfare has made considerable restrictions on data accessibility. This restriction made us unable to share our dataset.
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